ABSTRACT
INTRODUCTION
Many diet indexes have been constructed to evaluate people's actual diet against dietary guidelines. The Healthy Eating Index (HEI; 1) is a measure of diet quality that assesses conformance to the Dietary Guidelines for Americans (DGA; 2) by the US Departments of Agriculture and Health and Human Services. The original HEI was based on the 1990 DGA, which has been updated every 5 y; the latest update was publicized in 2005 (1) . We are proposing an updated HEI that reflects food and nutrition recommendations by specific energy requirements, which may be a better tool in assessing diet quality and associated health outcomes.
Although HEI is primarily a measure of overall diet quality, it may also be a predictor of obesity. First, HEI considers the recommended caloric intake in the scoring rules, which is also associated with obesity (1, 2) . Second, HEI is a marker of energy density that is independent of caloric intake, and an energy-dense diet has a positive association with obesity (3).
This study was designed to examine the modification of HEI and its ability in predicting obesity outcomes and to test whether the predictive ability of the 2 indexes differs by ethnicity. Specifically, we wanted to examine 1) whether HEI-05 has a stronger association with cross-sectional obesity outcomes than does HEI-90, 2) whether HEI-05 is a better predictor of follow-up obesity outcomes than is HEI-90, and 3) whether HEI's predictive ability differs by ethnicity.
Moreover, diets are culturally relevant, and different ethnicities have different dietary cultures and distinct rates of chronic diseases (4, 5) . More research is needed to study the validity of dietary indexes among non-African minority ethnicities. Thus, a secondary goal of our study was to examine the ethnic-specific diet conformance to the 1995 and 2005 DGAs.
SUBJECTS AND METHODS

Data and study population
This study used data from the Multi-Ethnic Study of Atherosclerosis (MESA), a longitudinal population-based study of 4 ethnicities. Details of the MESA study were reported elsewhere (6) . Between July 2000 and August 2002, 6814 men and women aged 45-84 y, who were free of any clinical cardiovascular disease and self-identified as white, black, Hispanic, or Chinese, were recruited from 6 US sites (Baltimore, MD; Chicago, IL; Forsyth, NC; Los Angeles, CA; northern Manhattan, NY; and St Paul, MN). Follow-up exams were scheduled every 18 mo. By January 2004, 6230 people had returned for exam 2 with a retention rate of 91.4%
and an average follow-up time of 18 mo. Informed consent was obtained from all participants, and the study protocol was approved by the institutional review board at all 6 sites.
Both self-administered questionnaires and structured interviews were used to collect participant information, including a 120-item food-frequency questionnaire (FFQ) at the baseline visit. The FFQ included typical Hispanic and Chinese food and was modified from the validated Insulin Resistance Atherosclerosis Study to accommodate the ethnic diversity of the MESA participants (7).
Outcomes
Obesity outcomes of this study were assessed by using both anthropometric measures [body mass index (BMI; in kg/m 2 ) and waist circumference (WC)] and categorical obesity status. During each visit, height and weight were measured with all participants (excluding pregnant women) wearing light clothing and no shoes. An Accu-Hite Stadiometer (Seca, Hamburg, Germany) was used to measure height, and a Detecto Platform Balance Scale (Titus Home Health Care, Alhambra, CA) was used to measure weight. Height was recorded to the nearest 0.1 cm and weight to the nearest 1 lb and converted to kg, from which BMI was calculated as weight(kg)/(height 2 in m). WC (abdominal girth) was measured by applying a Gulick II anthropometric tape horizontally at the level of the umbilicus and rounded to the nearest centimeter. Categorical obesity status was calculated by using the criteria of the Centers for Disease Control and Prevention: normal weight, BMI 25.0; overweight, BMI ҃ 25.0 -29.9 as overweight; and obese, BMI ͧ 30.0 (8).
Healthy Eating Index
HEI is an index that comprises 10 components, half of which measure how diet conforms to the 5 main pyramid food group servings of grains, vegetables, fruit, milk, and meat/beans, whereas the other half measure intakes of total fat, saturated fat, cholesterol, sodium, and dietary variety (9) . The original scoring system totals 100 points (optimal diet) and gives equal weight to all 10 components (0 -10 each) while taking minimal account of age and sex differences. The DietSys Nutrient Analysis program was used to convert the FFQ responses in portion sizes and frequencies into average daily intake of nutrients. We used the HEI-90 scoring manual to score all components except for variety (9) . For variety, scores were assigned using deciles of intake of the sum of food items consumed in the past 12 mo reported on the FFQ.
We constructed the HEI-05 using the same components, weighting, and scoring rules as for the HEI-90, but further adjusted the 5 food-group component scores to incorporate 12 levels of caloric need as specified in the 2005 DGA (2). For men aged 45-50 y, the recommended energy levels are 2200 (sedentary), 2500 (moderately active), and 2900 kcal (active). For men aged ͧ51 y, the recommended energy levels are 2000 (sedentary), 2300 (moderately active), and 2600 kcal (active). For women aged 45-50 y, the recommended energy levels are 1800 (sedentary), 2000 (moderately active), and 2200 kcal (active). For women aged ͧ51 y, the energy levels are 1600 (sedentary), 1800 (moderately active), and 2100 kcal (active).
Statistical analysis
We generated descriptive statistics of the main baseline characteristics of the MESA cohort, including age, sex, education, income, BMI, WC, physical activity, smoking, and alcohol use. HEI-90 and HEI-05 scores were computed for the overall population and by ethnicity. The Bland-Altman analysis with Pitman's test of difference in variance was used to test the agreement between HEI-90 and HEI-05.
We described each anthropometric measure by HEI-90 and HEI-05 quintiles of the MESA cohort. A global trend test was used to determine whether there was a pattern between HEI scores and anthropometric outcomes.
In multivariate analysis, we first calculated z scores for both HEI-90 and HEI-05 and then built separate linear regression models using the z scores of either HEI as the independent variable and each continuous anthropometric measure as the outcome variable. We built hierarchical z score regression models for each outcome: one unadjusted, one partially adjusted for sociodemographic variables, and one fully adjusted for sociodemographic variables plus total calorie intake, recreational physical activity (MET hours/wk), smoking status, and alcohol use (10) . The use of the z scores enabled us to obtain coefficients from separate regressions that were on the same scale and directly comparable (11) . Because log transformation did not change the results, we ultimately used linear regression models with the Huber-White sandwich estimators, which allow for valid inference without the assumption of a normal distribution in the outcome variable (12) .
To model categorical obesity status, hierarchical multinomial logistic regression (MLR) was used (13) . MLR simultaneously estimated 2 equations, the first comparing the probability of being overweight with being normal weight (reference category) and the second comparing the probability of being obese with being normal weight.
To test HEI's predictive ability by ethnicity, we also looked for possible effect modification by ethnicity in all models described in this section. An ethnicity-stratified result would be presented if the interaction term of ethnicity by HEI was significant (P 0.05).
Each regression model was limited to participants with a nonmissing value in the outcome variable being modeled. Those with a missing value were not significantly different from the rest of the group in terms of other baseline characteristics (all P 0.1 for t tests and chi-square tests). Estimates were corrected for multiple comparisons with Bonferroni corrections where applicable and adjusted for clustering within sites with Huber-White estimators. All statistical analyses were done by using STATA 9 software (Stata Corp, College Station, TX).
RESULTS
Baseline characteristics of the MESA participants are presented in Table 1 . Overall, MESA participants were fairly representative of the US population in the same age brackets (14) . However, all characteristics differed significantly by ethnicity.
Overall, MESA participants of all ethnicities scored significantly higher on the HEI-90 than on the HEI-05 (P 0.0001). The mean (ȀSD) HEI-90 and HEI-05 scores for all 6236 participants were 61.9 Ȁ 10.8 and 55.2 Ȁ10.7, respectively. Of the 4 ethnicity groups, whites consistently scored highest on the HEI-90 and HEI-05, with mean scores of 63.7 Ȁ11.0 and 56.7 Ȁ 10.9, respectively ( Table 2) . Bland-Altman analysis showed a noticeable difference of 6.62 (95% CI: 6.53, 6.70) between the HEI-90 and HEI-05; the upper and lower limits of agreement were Ҁ0.16 and 13.40, respectively. A significant correlation was observed between the differences across the 2 indexes and their means (Pitman's test: r ҃ 0.04, P ҃ 0.003). These results indicated poor agreement between the 2 indexes.
Mean BMI and WC values with the 2 HEIs, by quintile, are shown in Table 3 . There was an inverse association between quintiles of each HEI and each anthropometric measure. The results of simple linear trend tests were all highly significant (P 0.001). For all 4 anthropometric outcomes, the hierarchical models generated consistent results; therefore, we only showed the results of the fully adjusted models. Significant interactions between ethnicity and HEIs were found in all models, so the final results were all stratified by ethnicity. For whites, a one-unit increment in the HEI-90 z score was associated with a 0.48-unit decrease in baseline BMI (P 0.001) and a 0.47-unit decrease in follow-up BMI (P ҃ 0.001). A one-unit increment in the HEI-05 z score was associated with a 0.53-unit decrease in baseline BMI (P 0.001) and a 0.54-unit decrease in follow-up BMI (P ҃ 0.001). For WC, a one-unit increment in the HEI-90 z score was associated with BMI decreases of 1.56 cm (P 0.001) and 1.44 cm (P 0.001) at baseline and follow-up, respectively, compared with decreases of 1.67 cm (P 0.001) and 1.57 cm (P 0.001) with a one-unit increment in HEI-05 z score. For Chinese Americans, a one-unit increment in the HEI-90 z score was associated with minor decreases of 0.21 in baseline BMI (NS) All values are x Ȁ SD. The potential range for each subscore was 0 -10 and for the HEI score was 0 -100. Between-ethnicity differences were tested by one-factor ANOVA with or without a Scheffe test.
2 Significantly different from whites, P 0.05. and of 0.37 in follow-up BMI (P ҃ 0.008), whereas a one-unit increment in the HEI-05 z score was associated with more substantial decreases of 0.26 (P ҃ 0.038) and 0.43 (P ҃ 0.005), respectively. Inverse associations of both HEIs with WC outcomes were either marginally statistically significant or nonsignificant for the Chinese group. The pattern of associations found in the Hispanic group was very similar to that in the whites, but was not statistically significant. For African Americans, the HEIs were not predictive of BMI outcomes at either baseline or followup, yet both were moderately associated with WC outcomes (Table 4) . Obesity status results were also stratified by ethnicity ( Table  5 ). In general, neither HEI was able to predict the odds of being overweight, but both were able to predict obesity. In whites, the 2 HEIs were very similar in their ability to predict obesity and overweight status. Each one-unit increase on the HEI-90 or HEI-05 corresponded to a 3% decrease in the odds of obesity. Both HEIs were only marginally associated with the odds of being obese in the Hispanic group. For African Americans, neither HEI predicted obesity status well. Some of the associations found were in the opposite direction of what we had hypothesized. Specifically, African Americans with higher HEI scores were actually more likely to be overweight than normal weight.
DISCUSSION
In addition to our de novo HEI-05, 2 other dietary quality indexes have been developed based on the new 2005 DGA, both of which use unique scoring algorithms. One is the Dietary Guideline Adherence Index (DGAI) developed by Fogli-Cawley et al (15) . The DGAI is a measure of adherence to the key dietary intake recommendations of the 2005 DGA and does reflect the substantial changes in these recommendations from earlier versions. However, its index components and scoring are totally different from the original HEI-90, which makes it difficult to compare the relative efficacy of the 2 guidelines. The other is the more recent HEI-2005 version developed by a working group of the Center for Nutrition Policy and Promotion (CNPP) (16) . The CNPP's HEI-2005 differs from our version mainly because of its use of a density approach, differential weighting, and the choice of components; our version adjusts for calories and physical activity, as described. Despite the many advantages of this alternative HEI-2005, the density approach can only capture the variability of some, not all, food-group recommendations among age-sex groups. Furthermore, unlike our HEI-05, the alternative HEI-2005 was not designed to capture physical activity, which reduces it usefulness in predicting health outcomes, including obesity outcomes (16) . In our study, we compared the ability of the HEI-90 with that of the HEI-05 in predicting both cross-sectional and follow-up obesity outcomes. The overall performance of the HEI-05, based on more specific energy levels, turned out to be only slightly better. Both HEIs were able to predict differences in obesity outcomes among the white population. However, there was no consistent evidence supporting such an association in other ethnicities.
In our analysis, the mean score of HEI-90 of the MESA population (61.9) was similar to that of the general US population in the same period, 63.8 (17) . In comparison, the mean HEI-05 score of the MESA population was only 55.2. Similar differences were observed across ethnicities, mainly because of the changes in the recommended intake of the 5 main pyramid food groups. For the same energy level, compared with the 1990 DGA, the 2005 DGA recommends increased intakes of milk, vegetables, fruit, and meats but a reduced intake of grains (18) . This explains why the MESA participants scored higher on the grain component but lower on all other pyramid food components on the HEI-05 and hence had a lower overall HEI-05 score. These suboptimal diet patterns were consistent with DGAI findings using the Framingham Heart Study Offspring Cohort and with CNPP's HEI-2005 findings using national surveys conducted from 2001 to 2002 (15, 19) .
Of the 10 HEI components, the highest mean HEI subscore was obtained for sodium with both scales. It was probably due to the imprecise measurement of sodium on the FFQ, because sodium intake is known to be difficult to assess from dietary reports. Low subscores in food variety attributed to the lower overall HEIs of the Chinese Americans.
Our finding of inverse associations between HEI-90 and obesity outcomes was consistent with the majority of previous studies. For example, the inverse relation between HEI quintiles and BMI were supported by several studies that used either a population-level survey or specific groups of nurses and health professionals (15, 20, 21) . The third National Health and Nutrition Examination Survey (NHANES III) found a graded increase in the odds ratio of obesity across the 3 HEI categories (22) . However, these studies were not designed to assess BMI or obesity as outcome variables and thus were unadjusted for many of the confounders.
Using different measurements of obesity outcomes (BMI, WC, and obesity status) and after extensive control for potential confounders, we found that the HEI-05 scores were slightly more discerning than were the HEI-90 across all obesity outcomes, which support the validity of current dietary guidelines from which they were derived. Fogli-Cawley et al also found that individuals with higher DGAI scores had lower BMI (15) . However, their study was designed mainly as a validity study and used cross-sectional data only, and their index was not directly comparable with the original HEI. The unique contribution of this study to the literature included not only a comparison of both HEIs by ethnicity but also the assessment of longitudinal associations.
Regarding the HEIs' performance in predicting obesity outcomes, we found them useful in whites, only fair in the Chinese and Hispanics, and very poor in the African Americans. It is possible that the HEI component scores apply differently to the latter 2 ethnic groups. These ethnic differences were most pronounced when BMI cutoffs (ie, obesity status) were used as the outcome, which may provide data pertinent to the long-standing debate on whether BMI cutoffs for obesity should differ by ethnicity (23, 24) . A recent meta-analysis showed that, for the same percentage body fat, African Americans have a 1.3-unit higher BMI than whites, whereas the Chinese have a 1.9-unit lower BMI than whites (23) . This is probably due to differences in bone mineral density between ethnic groups. This finding was also consistent with the trend we found in our analysis. Ethnicspecific cutoffs for BMI may prove to be of greater clinical value in this context. Because of limitations related to the study design, however, it was not possible to calibrate the cutoffs because it could also be an artifact of diet measurement errors. The main limitation of this study was the use of FFQs to capture nutrient and calorie intakes. Despite being a better reflection of long-term diet, FFQs tend to have a lower correlation with true diet and are prone to greater measurement errors (25) . For example, calorie intakes are underreported by an average of 30% on FFQs compared with objective measures of energy expenditure, and the amount varies depending on the characteristics of the responder, especially BMI. In our study, however, this should not have been a huge issue because the underreporting of calorie intakes that occurs more often in persons with a higher BMI would make our estimates on the association between HEI and obesity more conservative. Another limitation of this study was the snapshot measurement of diet, which failed to take account of any dietary changes over the 18-mo study period. The study would also benefit from more waves of data and a longer follow-up time as the MESA study continues into the future.
According to the American Dietetics Association, lack of understanding of nutrition guidelines and the misconceptions about "good" versus "bad" food are 2 of the major obstacles to a healthy diet (26, 27) . These factors may have been present in the MESA cohort, but may not have been equally important across ethnicities. Whites and African Americans may be more likely to have misconceptions about "good" versus "bad" food as a result of earlier versions of dietary recommendations promoted in the United States (27). In contrast, Chinese and Hispanics, because of their more recent migration and lesser adaptation to the US culture, are less able to match the US-centric nutritional guidelines to their ethnic foods. The difference in HEI scores observed in this multi-ethnic group indicated that future dietary guidelines should be developed and promoted to address the dietary needs of different ethnic groups (26) .
This study is among the first to have examined the relation between HEI and obesity outcomes using the 2005 DGA. By highlighting the specific nutrient gaps in the diet of each ethnic group, our study will help shape more effective policy interventions for promoting healthy diets and combatting the obesity epidemic. Because DGA is the most authoritative dietary recommendations given to the general US population, more studies are needed to assess the scientific value and clinical relevance of the 2005 DGA and to compare the efficacy of different DGA scoring algorithms for different health outcomes, especially in multiple ethnicities.
